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J:iTRODUCTION
Ultrahigh energy cosmic rays, E ~ 1018 eV, are almost universally assumed to

originate “utside the Galaxy and then diffuse in. ~his is because their larmor
orbit in the field of ttre Galaxy becomes of the order of the dimension of the
Galaxy, 10 kpc, at 3 x 1019 eV. There is thus no way for such particles to be
contained within the galaxy for extended periods. Hence, the usual assurnp~ion is
that they diffuse into the gal~xy from intergalactic space filled from an unknown
source. Such an unknown source has been plausibly assumed to be within the ex-
treme energetic pheuomena of quasars or active galactic nuclei (AGNj.

In a companion article in this volume, Hillas has shown that the acceleration
of such particles by the more recent mechanism of collisionless plasma shock
acceleration is very unlikely in any known extragalactic phenomena. This is
because plasma shock acceleration requires a particle to diffuse in momentum
space. Because the Ilimension of each diffusion step is several larmor radii and

very many steps are required for low $ shocks (fi= V/c) the necessary time and
distance traversed by the shock becomes too large for the acceleration of ultra-
high energy cosmic rays in any proposed or observed extragalactic sites, Here it
is shown thaL acceleration in active galactic nuclei or quasars (AGN) is nearly
impossible because of radiation damping of the accelerated high energy particle hy
photons on the way out of the objccL, Ginzburg and Syrovatskiil, and Brecher and
durhidgez extensively reviewed the need for an extragalactic origij of the highest
energy particles and further believe, as do many others, that obser~ahle rxtra-
ga]acLic objects like AGN ,Ir.ethe likely sourer, However, it is -just the photons
of’Lhis observability thaL are the prcblem.



However, the frequent assumption of acceleration in active galactic nuclei in
the local aupercluster has far worse limitations due to the same radiation damp-
ing.

ACCELERATION IN ACTIVE GAL.4C’ilCNUCLEI

The assumption of the acceleration of cosmic rays in quasars. BL lac objects.
Seyfert galaxies, and AGN (active galactic nuclei) suffers in the ●xtreme from thr

same problem of photon damping. The damping or deceleration occurs from the

photon ●nergy density of the ●mission by which we recognize the objects in the
first place. A particle can Fe accelerated inside or outside such an object,

Inside or outside corresponds to the location of a radiation emission sur-
face. In general the most ●nergetic phenomenon should occur inside, but it would
be possible for a particle to be accelerated outside in a magnetically confin~d
orbit . Therefore the following alternate assumptions are ❑ade as applying to any
reasonable mechanism of acceleration in any AGN:

1. The acceleration of a particle must take place within and the particle tra-
verse at least one aadius of the object, =here the radius l-nrresponds to an
●mission surface inside of which the photon flux is quasi-i:otropic.

2. Acceleration outside an ●mission surface must require at least one orbit
around the object in a presumed magnetic field strong enough to confine the
high energy particle. Because of avnchrotron radiation, the orbit must bc
larger than 1018 cm for r > 101l; R i? 3r~1 PC.
Both circumstances lead to roughly the same impossible loss of the cosmic ray

●nergy due to the two processes of pair production and pion production, In the

first case of purely radial traversal of the emission nebula? the photons are
quasi-isotropic in the rest frame and in the second case the photon sLreaming will
lead to a primarily orthogonal flux, both of which lead to photon collision enflr-
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Figm 1. From Pug~t ●t al (1976). The ●nergy leas time and attenuati~ll lf’llu~llf[’r

protonrn from pair production! reduhiftp and photo-pion prudurtio[] 1ONS(’Sh;ls~’d(JII

the calculation of St~cker (1968) and Blument}ln~ (1970). Also sliowll]!+ tll(

attenuation l?ngth for baFe from pair production lo~rsrsi

Stecker, F, W, 1971, Nature PhVB. SCi., 234, 28.
B]Menthal, G, R, ]97c),Pllya, Rev,, Dfl,=96,



gies in the frame of the cosmic ray particle essentially the same as calculated by
Puget et al.’ It should be noted that one cannot use the radial photon flux
external to the s~rface to significantly accelerate the particles further because
of red shift and photon drag Noerdlinger.6 Noerdlinger points out that the limit-
ing r from the acceleration of a part-cle by a near infinite plane parallel

iradia<?odn source is proportional to ($ ) and for all practical purposes limits
r < 10, ‘a~R’S .or 1010 less than desired for
rad -

AGN RADIATION FLUX

For either radial or orthogonal acceleration one can scale the photon damping
or cosmic ray energy loss to a standard AGN. For Seyfert Galaxies see Weedman,7
BL Lacertae Objects Stein et ala and x-:ray emission, Grusky and Schwartz.g The
luminosity of AGN varies over a wide range from roughly 1044 to 1047 erg K* for
Sevfert. galaxies to the bright quasars. Similarly the fluctuation time varies
from h6urs to a year (Schwartz et al.l”), In general the most luminous objects
like 3c273 have larger fluctuation times, and the weaker objects shorter fluc-
tuation times. Therefore let the standard luminosity be L46 = 1046At6 erg s-l
and radius for a 10-day fluctuation period be RIG = 3 x 1016At6 cm so that the
photon energy flux at the surface becomes:

two
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Fig, 2, From Puget et al (1976). Computed background radiation fields from
quasars, Seyfert and related galaxies, and normal galaxies as discussed in the
te.:t. Also shown are the 2.7 K microwave and optical radiation fields as well :]s
some measured v:]lues and upper limits. The dotted lines labeled HIR and LIR werr
Laken as alterniitive mGdels for the intergalactic infrarrd background iiflds usrd
in the calculations. Quantities given tire equivalent to spectral densities time:.
frequency (Hz p~r Hz).



o = 3L/(411R2 = 1012 L46 At; l
-2 -1

ergs cm s . (1)
In the above references, the spectrum of AGN alBo variez from object to object but
in general the departure from a constant average energy flux per logarithmic band

width, i.e., d@/d[ln(hu)] is small, no more than an order of raagnitude from the IR
to hard x-rays. Hence the differential flux per logralthmic band width is approx-
imately:

d$ ~ 1011 L46 At;] d(ln hu) ●rgs cm2 s
-1

and the differential photon number density at the surface becomes

ENERGY LOSS TIME

The CR cnergv loss rate is:

dE/dt = -2r<En> ~nhuuncd(hu)

threshold

where <En> is the average total pion ●nergy in the
loss time becomes:

At = E/(dE/dt) = 1.5/[Jm nhuuncd(hu)]
loss

threshold

-3
cm ? hu in ev.

(2)

(3)

(4)

proper frame Z1/3 GeV: lhen the

(~)

-28 2
where <On> = 4 x 10 cm , is peaked rlose to twice the pion production threshold.

The threshold energy for production of n’s in the proper frame is En/r and
the major contribution to the integral occurs at twice this ●nergy or 3 x 10n/r’
eV. Hence the loss time becomes:

At
loss

= 6 X 1012At6/(L4Gr)
s. (6)

where At= is the fluctuation time in 106 seconds. The energy losbes are prohibit-
ive where the loss time is the time for a particle to traverse the radius of the
radiation surface layer of the AGN so that all particles whose energy is greatt’r
than I_ = 6 x 10e/L

~ax
,6 or 6 x 101s eV will 19ae their energy in one traversal of

the ra lant surface. Here Lde is a scaled (by Ate) st~ndard AGN sllch that a S~y-

fert t.llaxy of fluctuation time of 104 seconds would correspond to a total lumino-
sity of 1044 erg s ‘. Here we have a~sumed that the radiant enurgy density n,,,,
is uniform inside th~ AGN. APy concentration of photon dr:nsity towards thr uctivr

center will only make acceleration still r.ore difficult.
Finally we consider an orbit of a particle outside the radiant surf’arr, As

pointed out ●arlier this orbit must be at R ~ 1018 cm (B S 1 ) forr J 1011,
1020 CA CR’S, This corresponds to a mngnetic field energy ~~~n (132/8n) 4nR3 :
1063 ●rg~i For a dipole field BaR a, R = central radius? ao that the field
energy W

t?
= 10B3(10]b/R )4 ergs. li~nce i? the field 1s constrained at a radius

inside t e radiant ciurf~ce, ● likely circumstance, onJy the largest radiaut sllr-
facem i.e. , wher,?Ata ~ 10, will lead to a reasonable limit on field rnergy, if’..

a field energy small compared Lo the rest energy of thr AGN 5 1054(M /M ) rrgs,

For this circumstance Ate : 30, i.e., a light year in radius and L40 %,%() th:)t

the conmic ray particle of 1020 ●V would “F.VF a los~ timr of ; 10-R oi ~111[}rl~lt
period.



The spallation of heavy nuclei such as Fe would, of course, extend to the
energy of the photo-nuclear threshold or a factor of 20 lower in energy.

The large photon damping of the acceleration of high energy cosmic rays is
strongest for the highest energy particles in the most energetic quaszrs where the
emission peaks at ]0-100 microns at L = 1047 ergs s 1 and the luminosity fluctua-
tion time is a year. Here the damping time is 10 5 of the particle escape time at
an energy of 1020 eV. Hence it seems u.]reasonable to expect ultrahigh energy
cosmic ray acceleration in AGN.
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